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PART II 


Section I 


The diversity of the available methods is only equalled by the 
diversion which some of them engender. The fantastic elabora- 
tions of the instrument-maker have introduced further complexity, 
so that the patient, when faced by an imposing mass of machinery, 
may be easily forgiven for his failure to relax, and the element of 
voluntary effort becomes a thunder-cloud obscuring the entire 
heterophoric horizon. The wonder is that the results of measure- 
ments by different tests are not even more contradictory than they 
are. Perhaps no pit-head winding gear can wholly prevent truth 
from emerging from her well. 

Various groupings of the methods of revealing a latent deviation 
have been chosen by different writers on the subject, and all have 
ignored the primary dichotomy introduced by the position of rest 
which is to be attempted. True, only two methods fall into the 
group which essays the physiological position of rest, but that is 
no reason for denying them their distinction. All the remaining 
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tests aim at determining the fusion-free position, and they fall con- 
veniently into four groups. There is first the group in which 
dissociation is effected by limiting the field of vision of one or both 
eyes. The second group contains the tests in which one image is 
displaced from the macula in such manner as to make fusion im- 
possible. In the third group are the tests in which the stimulus to 
fusion is reduced or abolished by differentiation of the images seen 
by the two eyes, whether this be effected by change of colour or of 
form or of some other characteristic of the incident light, or of 
more than one of these. In the fourth group are the methods which 
do not attempt to suspend fusion, but the heterophoria is obtained 
by inference from measurement of some other quantity. 


GROUP I 


The feature common to all methods in this group is that the 
field of vision of one or both eyes is limited in such a way that 
every object seen by one eye is either not seen by the other or is 
so far from the visual axes as to be, at least in theory, incapable 
of stimulating fusion. The forerunner of all the tests in this group 
is the cover (or screen) test, and it, of all tests, most nearly re- 
produces the natural and ‘‘every-day”’ incidents in which binocular 
vision is temporarily lost. 

The cover test is incomparably simple, and is also the most 
useful test. It creates the least disturbance, and is amenable to 
all conditions of distance and direction of fixation, and of type of 
heterophoria. No dissentient voice is heard among the peans of 
approbation, and it is mentioned in most works on squint and on 
heterophoria. Some writers recommend it before every other test 
(Berens, Losey, and Hardy 1927, White 1936 a, b, Harman (see 
Perceval 1922), Duane 1914). It'has one disadvantage, but one 
that 48 shared by nearly every other test, for its subjective form 
requires some mental acuity in the patient, while its objective form 
is somewhat handicapped by the wearing of glasses. The fixation 
point is anything from a star (Stilling, 1885) to a spot on the 
patient’s own nose; the latter is not seen directly, but by reflection 
in a mirror on the examiner’s forehead (Straub, 1892). The 
removal of the cover must of course be rapid, and the deviation is 
measured by the prism which, held before either eye, results in 
no movement being observed on uncovering. Maddox (1920) 
thought that the cover test gave more esophoric results than the 
Maddox rod, but later he expressed the opposite view (Maddox, 
1921). 

Its younger and more delicate brother, the parallax test, 
_ demands a power of observation in the patient of sufficient sensi- 
tivity to appreciate diplopia, and to declare its direction. Most 
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patients can attain this, Duane (1895) claimed that this test was 
able to determine a lateral heterophoria to }° and a hyperphoria 
to $°. It involves either the transference of a cover from one eye 
to the other, alternating at a frequency of about once per second 
(Weymouth, 1916), or the momentary removal of the cover and 
(19 a replacement (Dolman, 1919, Thorne, 1930). Fischer 

922) used various periods from 1/50 second to 1 second or longer, 
oo actual measurement is made by finding the prism which gives 
‘no diplopia ’’ at the moment of uncovering. The prisms may be 
single, or in a battery (Pyle, 1903), or a rotating prism may be 
used, and Hazen (1900) has given the general rule that, in using 
prisms, one should work from low values upwards ahd fiot vice 
versa. Gaudenzi (1896) also suggested the use of two dots as 
objects, of which each eye saw one, and by varying the distance 
between them the point was found at which ‘no diplopia ”’ 
occurred. This test was designed for near but is of course applic- 
able to any distance. Most writers group the cover and parallax 
tests together, and Duane, in particular, favoured the combination 
(Duane, 1889, 1905, 1919). Weymouth’s subjects found that the 
co-existence of a hyperphotria materially helped their judgment in 
the parallax test (Weymouth, 1916). 

Cooke (1901) suggested that the patient’s owii eyelid was an 
adequate screen, and considered that he could determine hetero- 
phoria by the method of closing and opening the eyes, but 
Broughton (1902) quite rightly pointed out that part of the devi- 
ation was caused by the pressure of the lid muscles. 

The use of the cover test for near was examined by Randall 
(1890) who emphasised the need for a small fixation-point, and 
also described by Clements (1924), who in 1926 made the additional 
point that the speed of recovery ‘‘ is a fair estimate of the mental 
desire for binocular single vision.” A variation of the cover test 
was Javal’s use of a ground glass which obscured the patient’s 
vision but left the eye visible to an observer : the method is quoted 
by Tscherning (1920, p. 399). 

The use of a cover over one eye led naturally to other methods 
in which the fields of vision of the two eyes were prevented from 
overlapping, as they normally do, by screens variously disposed. 
A screen, stretching away from the patient and placed diagonally, 
t.¢., in a plane between the horizontal and sagittal planes of the 
body, was used by Holden (18876). One eye saw a sitigle vertical 
line on the wall, the other saw many, and the relation between the 
one and the many gave the measure of the heterophoria. Pani 
(1903) used a somewhat similar method, and Martin’s method is 
much the same, though in this the scale seen by one eye is movable 
(Martin 1904). The use of two screens, each partly covering afi 


eye, so that one sees only above and the other only below, the 
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horizontal plane, was suggested by Maddox (1912a). This method, 
but with one screen replaced by a mirror held almost horizontal 
over one eye, was given by Holden (1887b). It had the same effect, 
but the mirror projected the lower field so that it overlay the upper, 
and perhaps thus made the patient’s task easier. 

The most ambitious use of mirrors was made by Verhoeff, who 
devised a reflecting phorometer in which fusion was suspended 
by a cover, and the adjustment of the mirrors (two to each eye) 
enabled any apparent movement of the fixation object to be elim- 
inated. The measurement of lateral and vertical heterophoria was 
thus made at once. The original description of this instrument 
was given in 1899, and a re-print of Verhoeff’s paper appeared in 
1926 (Verhoeff 1899, 1926). It followed the classical tradition of 
all good instruments in that its integrity originally depended upon 
string. 

The ‘‘ divided-field ’’ principle reached its perfection, for near 
vision heterophoria, in Maddox’s wing test, the universal enjoy- 
ment of which excuses any description. Its début was made in 
1913. There are other ‘‘ divided-field ’’ instruments, of which 
some are still in use. The diploscope, devised by Remy, has 
spread itself over the literature in such a way that it is scarcely to 
be avoided. In its original form it was not a measuring instrument, 
nor was it properly an instrument for detecting heterophoria, but 
rather for demonstrating the presence of binocular vision. Crudely, 
it consists of two apertures through each of which each eye sees a 
letter, and if these four letters are all seen in their proper order 
and position binocular vision is present without any major degree 
of squint, latent or manifest. Many descriptions of it are given 
and a variety of models of it have been designed or made (Bjerke 
1909, Hughes 1907, Remy 1906, 1908, Evans 1908, Bichelonne 
1923, 1926, Beyne 1932). Bjerke (1910) has also converted it into 
a measuring instrument. Campos (1911) has discussed the objec- 
tions to it, and says of it ‘‘ Projection des images des lettres et des 
trous vers la plan qui contient le point de convergence des lignes 
visuelles et vision stéréoscopique; voila la véritable théorie du 
diploscope,’’ and Harman (1909a) has also pointed out some of 
its difficulties. 

The various forms of the ‘‘ trou dans la main ’’ method have 
also been extensively described (Cantonnet 1917, 1918a, b), and a 
scale was added in order to obtain measurements (Cantonnet 1919, 
Bichelonne 1926) while Baldino (1920) altered it so that it used two 
tubes and thus became a distant relative of Stevens’ clinoscope. 
Cantonnet (1918a, b) has left a pleasing apophthegm ‘‘ L’éxpéri- 
ence du ‘trou dans la main’ permet donc de faire du diploscope 
sans diploscope ’’: at least it serves as ‘‘ a pneumonic (sic) tip to 
remember .. . ’’ (ibid.). 
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The view is still current that the ‘‘ Bishop Harman diaphragm 
test,’’ which was described by him in 1909, is an instrument for 
measuring heterophoria, but a little consideration shows that this 
is not so. Its true functions are two, the detection of heterophoria, 
and the measurement of a character from which it is possible to 
infer the stability of the fusion reflex, namely, the ‘‘ central, cere- 
bral, desire for fusion.’’ It measures, by progressively decreasing 
it until fusion fails, the size of the overlap of the fields of vision 
which is necessary to maintain the correct orientation of the two 
fields in relation to each other. It is used to some extent in this 
country for flying fitness tests. Theoretically, it is admirable, but 
its practical utility falls materially short of this estimate; for it is 
extremely rare to find a patient who fails in the test, unless he has 
a manifest squint, to which cases the test is, ex hypothesi, inapplic- 
able. The theory and the mathematical basis of the instrument 
were explained by Harman (1910). 

Merlin’s and Stock’s tests should perhaps be included in this 
group (Merlin, 1938, Stock, 1922). 

Critical examination of these tests leads inevitably to the con- 
clusion that most of them transgress one or other of the standards 
which emerged in the early discussion. The cover test alone is 
exempt, but it is, of necessity, a relatively crude test, as all objec- 
tive tests of this very delicate function must be. Its subjective 
counterpart, the parallax test, requires careful attention to detail, 
for, if the alteration of the cover be rapid, no time is given for 
the deviation to develop, while, if the alternation be slow, there 
is an instinctive ocular readjustment made, on the basis of memory, 
in order to minimise the movement of re-fixation. Brief uncovering 
of one eye, followed by immediate replacement of the cover, gives 
clear results provided a prism be in use. Thorne (1930) hands over 
control of the prism, a variable one, to the patient. The reputed 
delicacy of the test is materially hampered by the speed of obser- 
vation which is required of the patient. It is, in both senses, a 
delicate test. The other tests are either clumsy, or crude, or fright- 
ening by their complexity. The tests of the *‘ trou dans la main ” 
type require the patient to fix a distant object and focus a near 
scale, with the exception of Baldino’s method. To this last no 
theoretical objection can be raised, but of its practical value little 
information is available. The diploscope and all its derivatives 
do not exclude fusion tendencies since they leave many objects in 
view to both eyes. Moreover, though this is a criticism of the 
instruments rather than the method, the distance ei fixation is 
intermediate, being generally 1-20 metres. 

Of the near vision tests, the Maddox wing test is outstanding, 
for it falsifies none of the principles enunciated, and it remains 
simple. The other tests require’ no further comment than has 
already been made. 


| 
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GROUP II 


All the tests in this group are based on yon Graefe’s original 
prism-diplopia test, and all are open to the objections that have 
already been discussed. These are, briefly, stimulation of the 
fixation reflex which may also result in the production, during 
the attempted vergence, of latent deviations in the plane of the 
measurement, and the stimulation of the mental desire for sym-. 
metry. A third source of error in the estimate was pointed out by 
Maddox (1915), for he showed how the co-existence of a cyclo- 
phoria and a lateral heterophoria would result in the appearance 
of a false hyperphoria, if the attempt to measure it was made with 
any prism-diplopia method. Loring (1868) has set out some of the 
objections to the prism-diplopia method, and Krukoff (1871) raised 
the point that ‘‘. . . lorsqu’ on fait usage du prisme a l’angle 
dirigé en haut ou en bas, la divergence relative est differente, 
selon la cété vers lequel est dirigé l’angle du prisme; elle est 
moindre, quand l’angle du prisme est dirigé en haut. Cette 
difference n’est pas fixe ...’’ This is the opposite result to that 
which might be expected, for Jaesche has shown that with both 
eyes looking up a latent divergence is more readily obtained than 
when looking down (quoted by Hansen Grut 1890). 

Despite the objections that effectively exclude this group, the 
method has been extensively used, and also modified in a multitude 
of instruments, of which each numbers its devoted supporters. The 
partisanship displayed by some writers makes their views suspect, 
and it is, perhaps, fairer not to identify the author of the follow- 
ing: ‘‘ with these instruments rudely approximate results only 
may be reached . . . it is safer to trust to the... ,’’ although 
his name is great in the world of workers in this subject. It is 
not possible lightly to dismiss the accumulated practical experience 
of clinicians, among whom can be found many that prefer this 
type of method. Of the comparisons between this and other means 
of measuring heterophoria there can be found several, which will 
be considered with all such comparisons later. Their evidence is 
nicely imbalanced for and against prism-diplopia methods. There 
is no question of the weight of criticism that can be brought against 
this group of methods and their use should be tempered with a 
full realisation of the inherent dangers. 

There are some five or six phorometers which differ mainly in 
the details of their manufacture, and in the size of the prism used 
for producing diplopia. The best known is undoubtedly that of 
Stevens, the priority of whose instrument is generally accepted too, 
though this is questionable. His original description was given 
in 1888, whereas Holden (1887a) had described a ‘“‘ refraction 
apparatus cum phorometer *’ a year earlier. 
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In some instruments the amount of separation of the images in 
the axis at right angles to the deviation to be measured varies, 
because the prisms that produce the diplopia are also rotated for 
measuring, while in others these two functions are independent. 
The variety of prisms used is considerable. Stevens’ phorometer 
totals 12°, Berlin 16°, Wilson and Schiotz each 10° and Savage 
6°: Magnani and Lavagna used a rotating combination of three 
prisms, two of 7° and one of 14° giving a range of 0° to 28° 
(Stevens 1887, Wells 1926, Pasetti 1911, Schiotz 1899, Magnani 
and Lavagna 1899, Berlin 1871). Some of the methods use rotating 
prisms for measurement, while in others the deviation is measured 
on a scale. Bielschowsky (1911) and Ferri (1884) have each used 
a scale in their instruments for near vision and the former uses 
colour differentiation in addition. 

There remains the double prism of Maddox and the quadruple 
prism of Folinea. The former was said by Maddox (1890a) to be 
the forerunner of the rod which bears his name. The latter was 
described by Folinea in 1922. The disadvantages of these methods 
have been examined, but the double prism is of use in testing for 
cyclophoria. 

This is the most convenient point to discuss the means of mea- 
suring a deviation, whatever the method employed for rendering 
it manifest. The tangent scale was apparently first used by Ferri 
(1884) and descriptions of scales for use in the distance were given 
by Maddox (1890b), Herbert (1893), and Bailey (1904). The diffi- 
culty has already been discussed of the fallacy introduced if the 
image of the part of the scale which is to be read does not fall on 
the macula. Alternatively, some form of prism may be used to 
restore the displaced image to the position it would occupy in 
orthophoria. The single rotating prism has the property of dis- 
placing the image in two directions, which is sometimes a dis- 
advantage, but in the compound rotating prism the component 
in one of these directions is neutralised. This latter is associated 
with the name of Crétés; Prince (1893, 1894, 1898), Lewis (1897), 
Stevens (1890), and others have all used the type in various com- 
binations. Without doubt, the rotating prism is the most con- 
venient method of realising’ the principle of displacing neither 
image from the macula. 


GROUP III 


The feature common to all tests in this group is the presentation 
to the two eyes of images differing in some way. Colour differen- 
tiation is the most obvious method, and the first suggestion was 
the ruby glass, followed later by the cobalt glass. As with most 
tests in this group the fixation object is a spotlight. Neither of 
these is particularly efficient at suspending fusion. 
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Various red-green tests are in use; in each the patient sees, 
through a red glass over one eye and a green glass over the other, 
red and green objects of such character that each is completely 
unseen by the eye wearing the opposite colour. The first of such 
tests to be described was that of Williams (1907), which is quoted 
by Stirling and Maddox (1913). Wells (1926) speaks of the Pren- 
tice red-green test and his own modification of it. Brailey described 
his test of this type in 1919. Hess’ method for plotting the diplopia 
in squint was produced in 1908. 

All these tests would in theory be excellent, if it were not for 
the fact that both images cannot fall on the respective macule 
unless the objects are on corresponding retinal meridians. If they 
are on such meridians, and the test is done in darkness as recom- 
mended by Livingston (1939b), ‘‘ colour fusion ’’ occurs; Living- 
ston (ibid.) says this occurs in about 10 per cent. of cases. Of eleven 
or twelve persons who, at the author’s request, determined the ten- 
dency to colour fusion in themselves, five found that the residual 
stimulus to fusion was so great that an artificial hyperphoria of 
% to 1 prism-dioptre was reflexly produced, in order to obtain 
coincidence of the images. Neame used the red-green test with 
a prism as a check in occasional cases (see Maddox 1929), but the 
introduction of the prism immediately transfers the test to Group 
II, and opens it to the objections raised there. Its use in flying 
tests has been mentioned. Clements’ series of 277 cases measured 
by this test gave 39-3 per cent. orthophoric, while the author’s series 
of 582 cases measured in daylight gave 52-1 per cent. orthophoric 
and of 462 cases measured in partial darkness 49-8 per cent. in the 
same category. These figures are probably too high (see Fig. II) by 
comparison with the accepted opinions, even when allowance has 
been made for the differences between the populations tested, and 
- support the view that the red-green test is inefficient in practice. 
When, further, fatigue needs to be invoked to give the true result 
in such exophoric cases as show esophoria at first ‘‘ owing to over- 
compensation ’’ (Clements 1924), it is reasonable to regard the test 
with marked suspicion. Further evidence on the practical value 
of the test will be discussed later. 

Maddox (1912b) devised a test with patterns perforated in red 
and green celluloid films which were to be seen against a light. 
The patient wore red and green glasses and moved the films till 
he obtained coincidence of the patterns. The films were then 
clipped together and subsequently measured to obtain the hetero- 
phoria for near. There appear to be no theoretical objections to 
this test, but the lack of general use suggests its practical value. 

Burian (1939), in his work on the effect of peripheral stimuli, 
used light polarised in two planes at right angles, and appropri- 
ately-placed films of polarising material then ensured that each 
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eye saw only the light polarised in one plane. This method appears 
to be simple and free from theoretical objection, but of its practical 
value more evidence is required. 

A variety of methods involving distortion of one image has 
appeared. The stenopaeic lens (Stevens 1892a, b, also given by 
Hansell and Reber 1912, et al.), and Roger’s cone (quoted by 
Maddox 1912a) both stimulate the mental desire for symmetry, 
and the more so immediately any attempt at measurement is made. 
The remaining tests are all based on the effect of a cylindrical lens 
in converting the image of a point object into a linear image. 
Maddox (1890a) gave his original description of the instrument 
which bears his name just fifty years ago, and Berry (1890) intro- 
duced it to the French in the same year. Bumstead (1892) describes 
a similar method which he attributes to Ridgeway. Ostwalt’s 
method (Ostwalt 1893) and Jackson’s plan of using a 12-dioptre 
cylinder with a dot as object for near-vision heterophoria (Jackson 
1893b), are other versions of the same principle. Herbert (1894) 
suggested the addition of a stenopaeic slit to the Maddox rod and 
he also stipulated that the rod should be a half-rod, i.e., plano- 
convex in cross-section, and should be red. Norton (1894) pro- 
duced an ingenious device of two grooves at right angles cut into 
a frosted glass which gave the appearance of a white cross, while 
the other eye saw the spot of light through a red glass. The cross 
was then rotated till the spot of light lay on one arm of the cross, 
after which the use of a prism set at the angle thus determined 
measured both the lateral and vertical heterophoria at once. 
Ballantyne (1914) devised a method giving a somewhat similar 
effect, for he left a 4 mm. chink between the rods in a multiple 
Maddox rod, which thus showed a bright red spot in the centre of 
the duller red streak. The rod is turned till the white spot lies on 
the streak, and prisms then used at that angle till coincidence of 
the red and white spots indicates the correction of the deviation. 
Apparently the chink does not upset the dissociation, for he says, 
‘‘ I find that the measurements obtained are identical with those 
obtained by the instrument in its original form ”’ (ibid.). Maddox, 
however, specifically said that dissociation would be incomplete 
if space were left between the rods (Maddox 1929). Both these 
methods are defective, since the effect of cyclophoria will be con- 
cealed and if present will vitiate the measurement, for, as Maddox 
(1915) has pointed out, his criticism of prism-diplopia tests also 
applies to the use of the Maddox rod if the rod is not kept truly 
horizontal or vertical, irrespective of the appearance of the streak. 
Riley (1902) has suggested that the Maddox rod may, in ambula- 
tory practice, be replaced by a cylindrical bottle filled with water ; 
the water is presumably coloured to taste. Aiken (1894) apparently 
first described the use of several rods to form the multiple Maddox 
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rod. Finally, the Maddox rod is used in near-vision tests devised 
by Bartels (1908) and by Schanz (1912); in each case the deviation 
is read on a scale. It will be noted that many of these methods 
employ colour-differentiation in addition to distortion of one image 
as further aid in the hard battle against fusion, 

There has been divergence of opinion about the character of the 
spot of light to be used as fixation-object when the Maddox rod 
(which remains the standard method to-day) is employed. Thus 
Elliott (1915) recommends a lamp giving an area of even bright- 
ness, and using also a glass of a ‘‘ deep neutral-tint ’’ before the 
fixing eye. Howe (1906) advises a light of fixed size and position. 
Dolman (1919) says that a bright light increases the fusion ten- 
dency, while Clarke (see Maddox 1929) declares that the point of 
light should be very bright. There is a similar diversity about 
the general lighting during the test. Howe (1906) recommends a 
‘* long, darkened, room,’’ Maddox (1907) advises a partial darken- 
ing of the room, while Hanna (1895) used a tapering tube of rect- 
angular cross-section, suspended from cords and 19 feet 7 inches 
long, to act as a totally dark room. Dolman supports Maddox, 
in that he says that the exclusion of extraneous retinal images 
increases the fusion tendency, and he also points out, as did 
Stevens, the need for a blank surround to the test-object, with 
the suppression particularly of horizontal and vertical lines 
(Dolman 1919, Stevens 1906). 

Of the instrument itself and its personal defects several dis- 
cussions are extant. Jackson (1894) showed that discontinuity of 
the streak was due to total internal reflection. The bias towards 
esophoria is noted by many writers (Pyle (see Hubbell 1899), 
Duane 1901, 1905). Duane and Conway express opposite views 
on dissociation, for the former (Duane 1895) says: ‘‘ the impulse 
towards bringing two dissimilar images into line is almost as 
strong as when the images are alike ’’ and applies this particularly 
to the Maddox rod, while Conway (see Dobson, 1937) thought the 
dissociation of the images with this instrument was artificial and 
inclined to increase any imbalance, as also did Schenk (1917). 
Dolman (1920b) has made a careful study in which he found only 
six, out of twenty rods examined, free from the defects of indistinct- 
ness of the line of light and prism unintentionally incorporated. 
The former defect results in a false projection of the line, and is 
avoided by making the patient fix the spot of light. Dolman’s 
further work showed that the fusion tendency was increased not 
only by exclusion of extraneous retinal images (Dolman, 1919), 
but also by horizontal and vertical lines in the background (which 
Jackson (1893) said was unimportant), by other sources of light, 
and by a too bright light as fixation object. The addition of a 
cover over the eye behind the rod apparently removes all these 
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difficulties (Maddox 1920, 1929, Dolman 1919, Thorne 1930, et al.) 
but this of course immediately transfers the method to Group I. 

The supporters of the Maddox rod are nearly as vociferous. 
Hubbell (1899) approved it ‘‘ because there is introduced absolutely 
no extraneous impulse to muscular contraction ’’ and said that it 
was a “‘ more precise and trustworthy guide ’’ than the phoro- 
meter. Pasetti’s careful examination led him to conclude that it 
was the best test from the points of view of accuracy and ease of 
application (Pasetti 1911). Bissell (1892) decided that it was better 
than the phorometer for a variety of reasons, and Field (1911) 
agreed with this view. 

A prism was intentionally added to the Maddox rod by various 
investigators. Prince (1893, 1894, 1898) has traced this develop- 
ment through the variable prism, and its addition to the single 
rod, to its combination with the multiple Maddox rod. Jackson 
(1893a, c) had one prism of the pair ground on the rod itself. 
Berens (1935) adds a prism of 0-75 prism-dioptre to the rod, purely 
for quick elimination of the cases with less than this amount of 
deviation. Only one prism rotating is needed in practice when 
combined with the multiple rod, because the deviation produced 
by it resolves itself into two components, of which that in the 
direction of the luminous streak can be disregarded. This makes 
for a very neat and simple instrument. 

The attempt to sum up is necessarily difficult, in view of the 
variety of external factors which may affect the results with tests 
of the group, but certain conclusions may be drawn. The Maddox 
rod and the polarised light methods have the least theoretical 
objections against them, and the former celebrated fifty years of 
extensive clinical trial last year, which is ample proof of its prac- 
tical utility. The estimate of low degrees of heterophoria is ex- 
tremely difficult, and the rod is probably the most efficient method 
for these degrees, although the cover test is better, whether with 
or without the rod. The red-green tests are theoretically objection- 
able, and inadequate in practice, for colour differentiation alone 


is apparently not enough. 


GROUP IV 


This group contains a medley of methods whose only character- 
istic in common is that, with one exception, they do not measure 
a heterophoria directly. 

The tropometer of Stevens measures the excursions of the eye 
in various versions. It gives a measure of the degree of shortening 
of the muscles but not of the force of their contraction which, 
incidentaliy, has been directly determined by Fischer (1926). Shaw 
(1966) says of the tropometer ‘‘ . . . it is the only instrument we 
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have for measuring . . . the pull of the extrinsic ocular muscles,”’ 
but the truer description would be that it measures the degree to 
which that pull can affect the position of the eyeball. It cannot 
determine the demands which are made on the ocular muscles by 
fusion. 

Passing mention may be made of some instruments for measur- 
ing the punctum proximum, or the maximal angle, of convergence. 
Livingston (1935), and Schurr (1939), have each described such 
instruments, and Martin’s is the ‘‘ gadgeteer’s dream ’’ (Martin, 
1938). 

Stevens’ clinometer measures cyclophoria directly, and its utility 
is beyond question. The Maddox rod is also used for this purpose 
(Baxter, 1898, Wray, 1912). 

The next method has been much used, and variously modified. 
In it fusion is not suspended, and the quantity measured is the 
degree of strain to which the fusion reflex can be subjected. To 
each eve is presented a similar image, and the fusion reflex imme- 
diately strives to secure their incidence on corresponding retinal 
points ; by changing the angle of presentation of one or both 
images, the eyes can be forced into a variety of abnormal positions. 
It is essential to realise that this gives an estimate of two factors 
together, the strain to which the fusion reflex can be subjected, 
and the power of the ocular muscles. Woods (1920) regards this 
method as determining the degree of strain which the accommo- 
dation-convergence reflex can stand. It is a dynamic, not a static, 
measure, and it is obtained by perverting the physiological co- 
ordination of the binocular apparatus. There is no justification 
for the view, quoted by Le Fever (1903), ‘*It is assumed that 
there is a definite relation between the statics and the dynamics 
in any given case,’’ and he goes on to show how only half of the 
14 cases (out of 100 consecutively chosen for testing) which showed 
‘* hypovergence ’’ had any corresponding static imbalance. The 
interpretation of the results of this method requires the greatest 
caution, and particularly when inferences as to a position of rest 
are to be drawn from data obtained in perverted activity. 

Abraham (19316) gives some of the ways of employing this 
method of ductions, and describes the use of extra prisms to obtain 
diplopia or monocular doubling of the image. The correlation 
between the results of duction tests and the Maddox rod has been 
examined by Risley (1912), and Field’s work leads him to prefer 
either of these before the phorometer (Field, 1911). Haessler’s 
excellent paper on 1,000 substantially consecutive cases compelled 
the conclusion “‘ . . . that the degree of exophoria or esophoria 
was not determined by a balance between divergence and con- 
vergence . . . ’’ (Haessler, 1938), The earliest reference to the 
method of ductions is by Stevens (1887). This will-o’-the-wisp has 
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thus had a long innings and has only recently been pushed off 
its perch by the relentless scythe of time. 

Hyperphoria is well known to be more easy to reveal than lateral 
heterophoria, and it is surprising that Appleman (1931) should 
have found his method of calculation necessary. He uses the differ- 
ence between two readings for distance, taken with and without 
the full correction found for near vision hyperphoria. Chenoweth 
(1933) considers this to represent ‘* the latent error which was 
compensated for because of muscular contraction called forth by 
the natural desire for single, superimposed images.”’ 

The obscurantism of the last method introduces easily the 
method of ‘* prolonged occlusion,’ devised by Marlow and of 
which a fair ‘‘ statement of claim ’’ was given by himself in 1930. 
It has evoked a voluminous outpouring of unscientific hyperbole 
and almost hysterical vituperation. ‘‘ A complete and accurate 
diagnosis of heterophoria . . . can only be made by the aid of 
prolonged monocular occlusion ’’ says O’Connor (1924). He con- 
tinues ‘* as absolute proof of this statement . . .’’ and offers the 
fact that, of 23 patients orthophoric before their temporary disable- 
ment, 17 had hyperphoria afterwards. Proof was defined by 
Chavasse as ‘‘ evidence which is incompatible with any alternative 
assertion,’’ while no definition of ‘‘ absolute proof ’’ has yet been 
dared. O’Connor (1929) proclaims, ‘‘ The test behind the patch 
is the true one,’”’ and describes it as ‘‘ exactly like ’’ refraction 
under a cycloplegic. 

Marlow’s first description was given in 1897 and papers from 
his pen on this subject have also appeared in 1915, 1918, 1920, 
1921, 1927, 1934, and 1936. It is of course related to the method 
of Cooke (1901), and a development from the well-known difficulty 
that any deviation requires time to develop. Starr (1898) originally 
used a period of twelve hours’ occlusion, but the periods used now 
range from three to fourteen days. Marlow (1921) has emphasised 
the need for continuity and completeness of occlusion. Duane 
(1927) speaks of the method as ‘‘ half-way emancipation ’’ from 
fusion control, and Dunnington (1931) quotes Maddox (who also 
discussed it in 1929) as saying ‘‘a derelict machine is not so 
informative as a functioning one although we can learn something 
from it.’’ Young (1926b) is in favour of the test, but he admits 
that “‘ many of the patients will not accept corrections clearly 
indicated by the occlusion test ’’ and concludes that it ‘‘ does not 
seem to be of much value’ in cases of lateral heterophoria. Swab 
(1930) says ‘‘ the writer is constrained to admit that on several 
occasions prisms that were prescribed after occlusion tests had 
to be removed later. This result was generally attributed to the 
brevity of the occlusion and also to spasm of muscles not directly 
affected by the prisms.’’ It seems a pity to introduce spasm as 
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an explanation, for it would appear to conceal rather than clarify — 
the position. Fink (1927), in a short series of cases, found that all 
but one (which was orthophoric before) developed a hyperphoria 
after occlusion, whereas three only had shown it before. Of the 
15 cases which were esophoric before, 12 became exophoric after- 
wards, while the exophorics all remained so. He arrived at the 
cautious conclusion that “‘ it suggests the possibility that many 
of the deviations uncovered should not be looked on as patho- 
logic.’’ In six cases in which Abraham (1931a) occluded each eye 
in turn, all developed a hyperphoria of the occluded eye. He says 
bluntly that it is ‘‘ . . . a subjective test for demonstrating Bell’s 
phenomenon, and it is not a test for latent heterophoria.’’ Exam- 
‘ination of Chenoweth’s series of 56 cases shows that hyperphoria 
appeared on the occluded side in 41 (Chenoweth 1933). Beisbarth 
(1932) gives figures which work out thus: In 15 cases where the 
eye which was hyperphoric before was occluded, 12 showed an 
increase, 2 no change and 1 a decrease, in the hyperphoria. But 
of 5 cases where the eye which was not hyperphoric before was 
occluded, 3 showed a decrease, and in the others the hyperphoria 
changed to the occluded eye. And, in the 5 cases out of 8 tested 
which, orthophoric before, developed hyperphoria after, all showed 
it in the occluded eye. Taylor (1982) suggests that each eye has 
its own balance—Friedenwald (1936) and Bielschowsky (1936) deal 
with this more extensively—and that prolonged occlusion of each 
eye in turn gives two values of which the a/gebraic sum is the 
true error. Clark (1927), Talbott (1929), and O’Brien (1925) have 
all written in favour of the method. Hughes (1934) is cautious and 
thinks the test is not to be relied on in all cases but that in difficult 
cases it may be a signpost. 

It is clear that the position of rest revealed by prolonged occlu- 
sion is close to the physiological position of rest, but can never 
attain it because the fixation reflex is in play. The hyperphoria 
thus revealed in nearly every case very strongly suggests a persist- 
ence of the protected position of the eye in sleep, the persistence 
of any abnormal position being well-established. It is a method 
which demands the greatest caution in its interpretation. Finally, 
it is but a preparation for a measurement; and this comment is 
not superfluous since any result attributed to this method must 
also contain any errors due to the actual method of measuring. 

Reference may be made here to a few of the published descrip- 
tions of the routine of muscle-balance examinations. Duane has 
often described his routine (Duane 1901, 1904, 1914, 1919), Savage 
set out his in two papers (Savage 1891, 1901) and other expositions 
were given by Dean (1895), by Berens, Losey, and Hardy (1927), 
by Perceval et al. (1922), and by Reber (1914). 
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Section II 


The earliest‘ record of any direct comparisons between tests is 
that of Bissell (1892) who applied the phorometer and the Maddox 
rod to 70 unselected cases. In the 52 cases which showed any 
deviation the two tesis gave the same result in 25, and the rod 
gave the higher reading in all but one case (which had an ambly- 
opic eye) of the remaining 27. He gives various reasons for pre- 
ferring the rod. Banister (1898) published a rather inconclusive 
examination based on a hundred fit cases. Duane (1905a) has 
expressed the view that the Maddox rod gives an excess of devi- 
ation, especially in esophoria, and puts the figure at about 1°. 
Pyle (see Hubbell, 1899) gave the excess as from 1° to 3°. Hubbell 
(1899) made a comparison over a series of measurements by the 
phorometer and the Maddox rod which gave the following results : 
the rod gave a lower reading in 8 cases, the same in 36, a higher 
in 71, and the opposite heterophoria in 10. This does not quite 
fit Duane’s statement that the phorometer “‘ . . . in many instances, 
particularly at near points, indicates an excess of deviation ”’ 
(Duane 1901). Field’s work has already been referred to: his 
comparison was made on 100 carefully selected cases. Weymouth 
(1916) took eleven cases, and compared the Maddox rod with the 
parallax method, using a frequency of one alternation per second, 
and with a prism-diplopia method. His subjects found the rod 
the easiest test. The result was that, on the average, the rod gave 
an esophoria of 0-4°, and the parallax an exophoria of 0:2°, when 
the prism-diplopia method showed orthophoria. He concluded 
that ‘‘ all give consistent results which differ so little ’’ that the 
method is immaterial. In the estimate of hyperphoria, Abraham 
(1931b) found that the Maddox rod reading was the same as that 
determined by the difference in sursum and sub-versions in 73:8 per 
cent. of 772 cases, and differed by 0:25* or less in 92:3 per cent. 
- Summing up it may be said that, of the tests which attempt the 
physiological position of rest, Fischer’s is only of laboratory appli- 
cation at present and certainly requires much more investigation. 
Donders’ method requires development and trial, and it too appears 
liable to be only of restricted clinical use. Both methods, more- 
over, have questionable value in the actual problem of treating 
heterophoria. 

Of the remaining tests Group II and Group IV may be at once 
set aside. The parallax test is probably the best test available, 
closely followed by the Maddox rod, provided always that a prism 
be used in both to measure the deviation. Certain other precautions 
also require to be observed, which have been considered. All tests 
which rely on colour-differeritiation alone ate inadequate. The 
remaining divided-field tests are fairly satisfactory provided they 
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transgress none of the canons already laid down. Preparation for 
a test by the prolonged occlusion method is liable to lead to ex- 
tremely deceptive results and should be employed with the greatest 
caution. 


PART III 


Introduction 


It has recently become possible to make some comparison be- 
tween the “‘ red-green ’’ test and the Maddox rod test as to their 
relative efficacy in revealing and measuring a heterophoria. The 
material for this investigation was a mixed batch of men presenting 
themselves for tests for fitness for flying: their ages were between 
18 and about 55, the majority being in the 19-23 age period, while 
their experience ranged from nil to some 8,000 hours’ flying time. 
The population from which the results were obtained is, therefore, 
fairly heavily selected, because tests of intelligence and educational 
attainments had already made considerable exclusions, while the 
known high standard of physical fitness debarred from presenting 
themselves all who did not feel at least optimistic about their pros- 
pect of success. Further selection was also essential, for five or six 
examiners had shared in the actual tests and of these only two had 
large enough series of cases to permit satisfactory calculation. The 
allocation of cases to examiners was entirely fortuitous. The 
following cases were also excluded from the series given here: 
all cases with manifest squint, all cases with visual acuity in either 
eye worse than 6/12, all cases that wore glasses constantly, and 
all cases in which the lateral heterophoria exceeded 3 prism- 
dioptres as measured by the red-green test. The last exclusion was 
made because the red-green instrument did not measure above 3 
prism-dioptres. Of the number of cases excluded on each of the 
above grounds no exact record was kept, but the figures were 
roughly six, fifteen, ten, and fifteen respectively, out of the total 
candidates offering themselves during the period in which the 
series was collected. The cases were all tested at 20 feet without 
the correction of any refractive error and, except where otherwise 
specified, the results are given only of lateral heteropheria. It is 
to be noted that one effect of exclusion on the grounds of low visual 
acuity is the high proportion, in the cases analysed here, of hyper- 
metropes, for the majority had hypermetropia of between 0-5 D. 
and 1-5 D. in each eye (both eyes finally tested together), but the 
proportion of cases with hypermetropia over 2 D. was about 2 per 
cent. Where the red-green tests gave difficulty because of ‘‘ colour 
fusion ’’ or suppression, the addition of a cover to the test enabled 
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a reading to be obtained. No figures are available as to the fre- 
quency of these difficulties, but the impression is that 5 per cent. 
is a liberal estimate of the maximum proportion of such cases. 

With one exception, no exclusions were made on any other 
grounds than those set out. It will be appreciated that, though 
this is in no sense a ‘‘ random sample,’’ the population from which 
the results were obtained is a fair basis for comparative work on 
the tests and their circumstances. 

The statistical methods used are set out in Yule & Kendall 
(1937). Without the personal guidance of Dr. Bradford Hill, the 
complexity of these methods would probably have brought the 
evidence to unhallowed conclusions, and I desire to record my 
gratitude for his unfailing patience and his explicit help. 


Section 


The first series contains 267 cases: the examiner was C and the 
place of the examination A. The examination was conducted in 
a well-lighted room, usually in daylight, and no attempt was made 
to secure the absence of vertical and horizontal lines in the imme- 
diate background. The deviation elicited by the Maddox rod was 
measured by a single rotary prism combined with the rod, giving 
a maximum correction of 10 prism-dioptres. Deviations above this 
amount were measured by the addition of other prisms in front of 
the eye fixing the spotlight. The Maddox rod (in future this will 
be called the MR) was invariably placed before the left eye, which 
was the ‘‘ non-master eye ’’ in the majority of cases. The candi- 
date was instructed to ‘‘ look steadily at the spot of light,’’ and 
subsequently adjured to the same effect if any doubt was felt about 
the concentration of his attention. When, after adjustment of the 
prism, the appearance of orthophoria was signified by the candi- 
date, the question, ‘‘ And the streak remains steadily through the 
light ?”’ was asked after two or three seconds’ pause; not until the 
affirmative answer was obtained was the instrument removed. In 
the occasional cases where the “‘ streak ’’ oscillated, an estimate 
was considered to be satisfactory when the oscillation was judged 
to be of equal size on each side of the spotlight, but these cases 
were uncommon. The minimum period of suspension of fusion 
was about 12 seconds, and the average period about 20 to 25 
seconds, while occasionally the instrument had to be left before 
the eye for nearly a minute before a steady state was reached. The 
measurements were recorded to the nearest 0-5 prism-dioptre, up 
to 3 prism-dioptres. Above that figure the nearest integral value 
was recorded, the lower integer being chosen when the reading lay 
midway between two integers. 

The routine has been described at length ‘because some such 
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standard method was essential, and it was found very quickly that 
this method ensured the maximum reliability of the result, as 
judged by the steadiness of the reading and the assurance of the 
candidate’s answers. It will be noted that no attempt was made 
to fix the head. The candidate was instructed to ‘‘ look straight 
at the light’? and any obvious deviation of the gaze from the 
primary position was corrected before fusion was suspended. He 
was also as free from “‘ voluntary effort ’’ as relaxation in a straight 
chair, during an examination to decide his future career, would 
permit. 

The red-green test (in future called the RG) was similarly per- 
formed and the result was considered to be obtained when a steady 
state was reached. It was, in all series but one, done before the 
MR. 

The distribution of cases is set out in Table I. In each com- 
partment of the table is the number of cases which give the reading 
of the heterophoria shown by the column and row in which the 
compartment lies. The measurements are given in prism-dioptres. 
The compartments completely enclosed in heavy lines are those 
in which the heterophoria is the same by both tests. The emptiness 
of the left upper and right lower sections of the table shows in how 
few cases the tests give opposite heterophoria, and should be com- 
pared with that in succeeding distribution tables, in which the 
same plan is used. 

The following methods of analysis were then used. The linear 
regression equation of each ‘‘ characteristic’? on the other was 
calculated by the method of least squares, and the coefficient of 
correlation determined. As a matter of interest the quadratic 
regression equation of MR on RG, for this series only, was also 
calculated by the same method, but it is little improvement on the 
linear, and its use would introduce many disadvantages for small 

corresponding gain. Throughout this work MR is invariably 
treated as the Y - co-ordinate, RG as the X - co-ordinate, and 
exophoria i is considered as having a none: esophoria a negative, 
sign. 

A preliminary survey of the figures of series 1 shows that 42:3 
per cent. of the cases gave the same value by each test, 46:8 per 
cent. a higher reading by the MR, and 10-1 per cent. a higher by 
the RG, while in 2 cases (0:8 per cent.) the heterophoria was in 
opposite directions by the two tests. It is particularly interesting 
to ‘note the cases in which the difference between the readings 
was large. One of these cases was examined twice (his second 
examination only is included in the series) because at the time of 
the first examination he was extremely tired. On that occasion by 
both tests he had an exophoria of 13%. 12* was shown by. the 
MR at the re-examination, but the RG would not uncover more 
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TABLE I 


Distribution of Cases in Series } 
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than 1* of this amount, whichever eye saw the movable object, 
and a repetition of the test a few minutes later gave no different 
result. This was an admirable demonstration of the assistance 
which the RG derived from fatigue; the MR did not require such 
assistance, being adequate to suspend fusion without it. 

- Of the cases in which the RG gave the higher reading of the 
same type of heterophoria, none showed the RG exceeding the 


TABLE II 


Distribution of difference between MR and RG: 
Series 1 


No. of Cases 


Difference 
| MR>RG MR<RG 


11°0 1 
85 
70 
50 
4°0 
3°5 
3°0 
2°5 
2°0 
1°5 


| 
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Differences in prism-dioptres, in this and similar tables 


MR by more than 1*, whereas the greatest disparity between the 
readings in those cases where the MR gave the higher result was 
11*. The distribution of differences between MR and RG is given 
in Table II. It is thus seen that the figure of 1*, which is accepted 
as the expected excess of the MR reading over the RG, is not very 
useful, for the excess does not even average this figure. The 
average is actually 0:52‘, and Table II shows that the expected 
excess of 1* of MR over RG would only occur in 27 out of 267 


cases. 
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Reverting to Table I, the regression equation of MR on RG 
is found to be 


MR = 185 RG — 0-17 


This regression equation is of necessity a makeshift, for it repre- 
sents a “‘ best-fit ’’ line, a line so drawn that the total of squared 
differences between calculated and observed results is a minimum, 
and it is therefore no more than the best linear expression of the 
relationship that can be obtained. But it is probably an improve- 
ment on the ‘‘ constant excess ’’ method of expressing the corres- 


_ pondence between the two tests. The extent of this correspondence 


is also described in the correlation coefficient which in this series 
is 0-710 (were correlation perfect the figure would be 1). 

The further conclusions to be drawn from this series will emerge 
in comparison with other series. It is to be regarded as the stan- 
dard against which the others will be viewed. 

In the next series (2) were 192 cases, seen by examiner H and 
at the same place A. The red-green test was carried out in the 
same way. In the Maddox rod test the candidate was asked to 
declare at what point on a marked (not numbered) scale the streak 
appeared to cross. The Maddox rod was held before either eye 
indifferently. The cases are distributed (Table III) in substantially 
the same way, to a casual examination, for the percentages with 
MR readings higher than (52-0 per cent.), equal to (40-2 per cent.), 
or lower than (6°8 per cent.), the RG readings are much the same. 
Comparison of the frequency-distributions by the Xx? test gives a 
somewhat different picture as is shown in Table IV. 

Throughout this work, where the x? test is used, the value ‘‘ n ’ 
is the number of degrees of freedom, that is, the product of one 
less than the number of columns and one less than the numbers 
of rows in the distribution-table. The frequencies are so grouped 
as to give the maximum number of “‘ cells ’’ consistent-with main- 
taining 5 as the minimum ‘‘ expected ’’ frequency in any cell. 
Table IV shows that, in the two series, there is little divergence 
between the frequencies of the various degrees of heterophoria by 


’ 


_ the RG, whereas the divergence in the case of the MR is suffi- 


ciently marked for the chance of its occurrence to be only once in 

a hundred times. The result being thus unlikely to be due to pure 

chance, it is reasonable to ascribe it to the difference in methods. 
For this series, the regression equation is 


MR = 1:37 RG — 0:26 


and the correlation coefficient is 0-779. The distribution of differ- 
ences is given in Table V. The average excess of MR over RG 
is 0-414. 
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TABLE III 


Distribution of Cases: Series 2. 


Eso RG Exo 
5 2 Total 


1 

1] 
4| 1 


3 2 1.05 N O5 


2 4 
25 1 
3 1 
Eso 4 1 2 
Total 1 2 6 9 34102 27 7 3 1 


TABLE IV 
Comparison of Series 1 & 2 by x? Test 


Values of 
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TABLE V 
Distribution of differences between MR and RG: 
Series 2 
: No. of Cases 
Difference 

MR>RG MR<RG 

6 

1°5 11 re) 

1°0 18 1 

62 12 


A short series (SA) by examiner S at place A, was also available 
for comparison. S used the same methods exactly as H, but was 
a much less experienced examiner, and his series contained only 
64 cases. This is too small for reliance to be placed on values 
calculated from it, and the figures are therefore given without ’ 
comment. In 45-3 per cent. of the cases the MR exceeded the RG, 
in 50 per cent. it was the same, and in 4-7 per cent. the RG was 
the larger. There were no cases where the MR and RG gave 
opposite types of heterophoria. The average excess of MR over 


TABLE VI 
Comparisons, by x? Test, of Series SA with Series 1 and 2 
Values of 
n x2 P 
RG: Series 1 4 6°35 — 
RG: Series 2 3 1°53 
MR: Series 1 5 1111 
MR: Series 2 22°25 
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RG is 0:52*, and Table VI gives the comparisons by the x? test 
with Series 1 and 2. The regression equation of MR on RG is 


MR = 191 RG— 0-11 


and the coefficient of correlation between the tests is 0-742. This 
series is omitted from subsequent consideration for the reasons 
given above. 

Reviewing the results of these series, certain conclusions become 
apparent. The MR gives an equal or higher reading in 89-1 per 
cent., and 92:2 per cent., of cases in series 1 and 2 respectively. Very 
rarely do the two tests give heterophoria of opposite types, and in 
the four cases where this occurred the change was from exophoria 
by the RG to esophoria by the MR—no question, therefore, of 
fatigue supervening. The average excess of the MR over the RG 
is higher when both images fall on the maculz of the respective 
eyes, as in series 1, than when one image does not so fall (series 
2). It is also to be noted that the first series contains 14 cases 
showing 2-5* exophoria or 5* esophoria or more, while the second 
has none such. In the same way, the regression equations show 
that the higher value by the MR is given by series 1, for almost 
any chosen value by the RG. It was shown earlier that the test 
giving the higher reading is the better test, provided it does not 
induce movements which would vitiate the measurement. Of these 
movements, exophoria and hyperphoria are not induced by the 
MR, while esophoria was seen to be due usually to avoidable 
causes—and in any case the tendency to false and excessive eso- 
phoria can be detected by the instability of the measurement, and 
the impression of an attitude of strain in the candidate. It follows 
that the MR, whether used with a tangent scale or with a prism, 
is more efficient at uncovering a latent deviation than the RG. 
Also, as might be expected from the foregoing, the correlation 
coefficient is higher in series 2 than in series 1. 


Section II 


That there are other reasons for preferring the MR to the RG 
was shown by two series designed to determine the consistency 
of results obtained when each test was repeated. For both these 
series, of 100 cases each, the examiner was C, the place of exam- 
ination V, and the conditions of the test varied only in that, as 
both series were undertaken during the assessment of the effect 
of darkness, the room was partially darkened. It was a rather bare 
room, painted dead-black, and for these two series the whole of 
one long side was made of a black Hessian curtain which passed 
enough light to allow of reading a newspaper on bright days. The 
room was normally too dark to distinguish between the marks on 
the tangent scale twenty feet away. 
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The first series, G, consisted of the RG test, followed by the 
MR test, and then the RG test was repeated. The two readings 
by the RG test are set out in Table VII, in a manner similar to 
that of Tables I and III. This series is included in the cases which 
make up series 3, as it differs from them in none of the conditions. 
For the second series, M, the order of testing was the MR, followed 


TABLE VII 
Distribution of Cases: Series G 


First Reading Exo 


1 OS N OS 1 15 2 Total 


1 { 
4 
13 


Reading N 
0's 
1 
Eso 2/1 
Total 3 3 3 6 5616 8 4 1 


by the RG, and then the MR was repeated : the two MR results 
are given in Table VIII. This series is not included in any other 
series used. 

A preliminary survey shows that while the RG test gave a 
different second reading in 50 of the 100 cases, the first and second 
readings by the MR differed in only 20 of its 100 cases. The 
correlation coefficients between the two readings are 0-957 for the 
MR and 0-778 for the RG. It is interesting to note that, in series 
G, where the RG had, as it were, two attempts at ‘‘ scoring ’’ the 
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exact value given by the MR, it succeeded in 46 cases, of which 
19 were cases showing no deviation at any time. In the remaining 
27 cases, on no occasion did the RG produce the same reading 
twice. For series M, in 31 cases one MR result agreed with the 
RG—15 of these being cases showing no deviation at any time— 
and both MR results agreed in 12 out of the remaining 16 which 


TABLE VIII 
Distribution of Cases: Series M 


Eso First Reading Exo 
6 543252 151 N OS 1 152 To 


142 
2 


2 


showed any deviation. The MR and RG correlation coefficients 
are strikingly different, and the application of the ‘‘ Z-Transform- 
ation ’’ of Fisher (see Yule & Kendall 19387) shows that this RG 
result differs from the MR by 8-5 times the standard error of the 
latter, which difference is significant in the statisticians’ sense of 
the word. The conclusion is inevitable that the MR is very much 
more consistent with itself than the RG. The latter, in fact, may 
fairly be described as ‘‘ temperamental.”’ 


tal 
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Section III 


The next series (3) comprises all those cases examined by C, at 
the place of examination V, under conditions of partial darkness, 
as described above. The distribution of cases is shown in Table 
IX. Again there are no cases showing esophoria by the RG and 
exophoria by the MR, but the number showing the reverse has 


TABLE IX 
_ Distribution of Cases: Series 3 | 


Eso Exo 
3.25 2 15 1 OS N 05 1 15 2 ‘Total 


1 
1 


2 
1 
5 


11 
44 
12 
18 
2 
4 


1 
1 


6 151084137 2 


tal 
| 
| 
os} | | | | 29 
Total 1 5 1 6 202 
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increased to 7 (3-47 per cent.). 19 cases show lower readings by the 
MR than the RG. The regression equation is 
MR = 1:35 RG — 0-24 
and the correlation coefficient is 0-706. The distribution of differ- 


ences between MR and RG is given in Table X, and the com- 
parison by the x? test between series 1 and 3 in Table XI. 


TaBLeE X 
Distribution of differences between MR and RG: 
Series 3 


No. of Cases 

MR>RG | MR<RG 
60 

40 
2°5 | 
20 
1°0 4 
0°5 15 


Difference 


- TABLE XI 
Comparison by X2 Test of Series 1, 3 and 4 
n x2 P 


RG 


‘Series 1 and 3 


approx 
0°02 


approx. 
0°01 
Series 1 and 4 
approx. 
0°005 
approx. 
0°10 
approx. 
0°75 


Series 3 and + 


a 
a 
a 
| 
| | 
| E 
| 
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TABLE XII 
Distribution of Cases: Series 4+ 


Eso RG. Exo 
3 25215 1 O05 N 05 1 £5 2 25 Total 


| 
Eso 22 1 | 
Total 1 1 2 6 18 & 2% 1310 4 21159 


Note.—One case has been omitted, see text. 
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The average excess of MR over RG is 0-52¢. 

Series 4 of cases was examined by C in the same room, now 
with a wall instead of the curtain, and with all windows between 
the eye and the fixation objects completely blacked. The darkness 
was not absolute, but such that the card for visual acuity tests 
could not be distinguished from its surroundings. Here the corre- 
lation coefficient fell to 0-320, the regression equation being 

MR = 0:96 RG — 0:26 
There were two outstanding cases. The first gave esophoria of 
0:5“ by the RG and 224 by the MR, while the second showed 
esophoria of 1* by the RG and exophoria 13* by the MR. The 
first case was also subjected to the cover test, which confirmed the 
MR estimate. The second was a strident example of ‘‘ over- 
compensation ’’—which, it should be noted, did not affect the 
MR reading—and the exophoria was confirmed by the cover test. 
In view of this; the second case was ruled out from all further 
consideration. No such objection excluded the first case. The 
regression equation now is 

MR = 1:09 RG — 0:36 
and the correlation coefficient is 0-392. The distribution is set out 
in Table XII. Ten cases in all show opposite heterophoria by the 


_ TABLE XIII 
Distribution of differences between MR and RG: 
Series 4 
Difference No, of Cases 
MR>RG MR<RG 
21°5 
11°0 1 
6°5 1 
60 1 
40 1 
3°0 1 
2°0 5 a 
1's 7 2 
23: 
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MR and the RG, and they account, in part, for the low coefficient 
of correlation. 

145 per cent. of the cases show lower readings by the MR, 
whereas the MR exceeded the RG in 48-4 per cent. of the total 
cases, and was equal in 30-2 per cent. The distribution of differ- 
ences between MR and RG readings is given in Table XIII, and 


+ 
"Ss AVERAGE 
EXCESS 
WA 
E> 


5 


Fic. 3.—See text for deseription. 


the comparison by the x? test of this series with series 1 and 3 in 
Table XI. ‘ 

In attempting to picture the effect of darkness on the two tests 
the following method was devised. The average excess of the 
MR over the RG, for each of the seven RG readings between 1-5 
on either side of ‘orthophoria, was determined, and a “ best-fit ’’ 
line for each series calculated, by the usual method, relating the 
average excesses to the RG readings. The result is given in Fig. 3. 
It will be seen that the _ decrease progressively in steepness ds 


220 NIGEL CRIDLAND 


darkness increases, so that the effect of darkness is to decrease the 
difference between the tests. The percentages of orthophoria and 
each type of lateral heterophoria appearing in the three series, and 
as measured by each test, are set out in Table XIV. 


TABLE XIV 
Percentages of types of heterophoria: Series 1, 3 and + 


Series 


Exophoria 


by RG \ Orthophoria 


Esophoria 


| Exophoria 


by MR | Orthophoria 


Esophoria 


Examination of this table shows that the effect of darkness on 
the RG is a progressive increase in the exophoria percentages, and 
decrease in those of esophoria. On the MR, the effect is an in- 
crease in both the exophoria and esophoria percentages. Taking 
the results of Fig. 3 and Table XIV together, it becomes apparent 
that the MR will always be expected to give a higher reading than 
the RG in cases of esophoria, but the difference is greatest in light 
conditions. Further, the MR will give a higher reading than the 
RG in cases also of exophoria, the difference being, as before, 
greatest in light conditions, but only in exophoria above a certain 
RG limit. This limit is the abscissa of the point in which: each 
line in Fig. 3 cuts the horizontal axis, and is 0-164, 0-854, and 
1-29* for the series 1, 3 and 4 respectively. 

In a further attempt to assess the effect of darkness on the MR, 
a series D, of 82 consecutive cases, all of which had been passed 
fit at an earlier examination, was used as material, although it was 
thus a heavily selected sample. The MR was done as in series 4, 
and then a 150-watt light was switched on above the candidate’s 
head and a second MR reading taken. The distribution is given 
in Table XV. The correlation coefficient is 0-980 for this series. 


i) 1 3 + 
31°2 34°6 
37'1 | 38'6 | 44'0 
Tol 
t 
| t 
C 
t 
tl 
b 
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TABLE XV 
Distribution of Cases: Series D 


Eso In Darkness Exo 
65 S454 3 25215 1O05N05115 2 3 45 Tolal 


1) 1 


2 


3) 
2 
1 
05 
N 
os 
In Light 
2 
25 
3 
4 
5 
6: 


1 
211 23 1 


Study of the distribution shows that most of the variations occur 
in the range between exophoria and esophoria of 1-54 measured 
in the dark, and that the tendency in this range is chiefly a shift 
towards esophoria in the light. In only three cases did the varia- 
tion exceed 0-3‘, and in one of these there was a change of the type 
of heterophoria. It must be concluded that the effect of darkness 
on the test was obscured by other factors, which are probably that 
the test is not perfectly consistent and that the ‘‘ in light ’’ reading 
was taken second. These results are given purely to emphasize 
the difficulties inherent in any such comparisons, and are discarded 
because the series is small compared to the others, which give an 


unequivocal contrary conclusion. 


Collecting the results of these series together, the first striking 


Eso 


221 
EER 
2 
BL 
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thing is in the percentages of heterophoria shown in the three 
series. The RG gains something in darkness, for there is a 
reduction in the esophorias and an increase in the exophorias. 
What that something may be is difficult to say, for the effect 
appears to be merely a shift towards exophoria, without any 
notable increase in the total percentage showing any deviation. 
It is patently not any greater efficiency at suspending fusion, for 
that would be accompanied by a clear reduction in the orthophorics. 

By contrast, the MR shows a marked improvement in efficiency. 
Turning to the distribution tables for series 1, 3 and 4, four types 
of cases have to be considered. These are the cases where the RG 
shows exophoria and the MR shows (1) more exophoria and (2) 
less exophoria, orthophoria or esophoria, and the cases where the 
RG shows esophoria and the MR shows (8) more esophoria and 
(4) less esophoria, orthophoria, or exophoria. The percentages of 
each type occurring in the three series are set out in Table XVI. 


TABLE XVI 


Percentages of types where heterophoria differs in the two tests: 
Series 1, 3 and 4+ 


MR shows bias Series Series Series 
Type RG over RG towards 1 3 4 


1 | Exophoria More Exophoria | 15°7 | 20°3 | 18°9 


| Exophoria Less Exophoria 11°4 164 


2 
3 Esophoria More Esophoria 31/1 31°2 29°6 
4 


Esophoria Less Esophoria 3°4 rs 4°4 


The most obvious characteristic of this table is the progressive 
increase of Type (2), with increasing darkness. This must be due 
to darkness causing either the RG to show more exophoria, or 
the MR to show less exophoria. That it is not the latter is proved 
by two facts, the increase of Type (1), and the increase of exo- 
phorics tested by the MR as shown in Table XIV. 

It is therefore a legitimate conclusion that while darkness does 
not produce any specific bias in the MR, it has a marked effect 
on the RG, causing it to show a greater exophoria. Certainly these 
results are in flat contradiction to Dolman’s view that the exclusion 
of extraneous retinal images increases the fusion tendency with 
the MR (Dolman 1919). It is natural to expect a greater reduction 
of fusion tendency in darkness, because the fixing eye is deprived 
of its monocular stereopsis, and thus there is less stimulus to the 
monocular fusion reflex which was tentatively proposed earlier 
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(Part I). This occurs in despite of the greater stimulation of the 


fixation reflex by the contrast between object and background. 
Theoretical expectation is thus borne out by practical experience. 


Section IV 


Lastly, out of the 1054 cases which have been tested by the 
examiners C, H, and S, 25 have shown hyperphoria of 14 or more, 
by one or other test. Of the seven cases not examined by C, three 
were contributed by H, and four by S. No cases have been in- 
cluded here which were excluded from consideration on the 


TABLE XVII 


Cases showing, by either test, 14 Hyperphoria or more 


RG MR Number for Examiner 
renting reading Cc H and S 


fo) 4 2 
5 1 
2 ° 
5 
1 


fe) 


fe) 


R: 
L: 
R: 
L: 
R: 
R: 
| 
L: 


grounds specified earlier. The details are set out in Table XVII, 
and it will be seen that, of the 25, only 4 showed any hyperphoria 
by the RG. When with this is taken the fact that an artificial 
hyperphoria up to 1* is easily produced by the RG (see Part II), 
it is clear that the RG is substantially useless in hyperphoria. Its 
capabilities in revealing a lateral heterophoria are therefore yet 
more suspect, for a hyperphoria is much less easily controlled by 
the fusion reflex, much more symptom-producing, and corres- 
pondingly much more easily uncovered. 

Note.—Since the above was written, the following striking case 
has been examined. The RG showed esophoria 0-5*, with no 


fe) 1 
R: 0°5 fe) 1 
R: 1 fe) 1 
fe) 1 


224 hs NIGEL CRIDLAND 


hyperphoria, but the MR gave esophoria 11‘, and right hyper- 
phoria 7-5*. The condition was paretic in origin and there were 
no symptoms. 


Section V 


The conclusions which may be drawn from the foregoing experi- 

ments are, of necessity, less certain than could be desired, simply 
because the rigidity of laboratery technique could not fully be 
realised in clinical practice. It is possible, however, to reach some 
definite results, without fear of contradiction by subsequent work 
more completely controlled. 
_ The series M and G show clearly the constancy of the Maddox 
rod test, and equally clearly the inconsistency of results obtained 
by the red-green test. Practical experience, also, of the tests leads 
to a distaste for the latter, for two reasons. Much greater difficulty 
is experienced by the candidate in declaring the appearance of 
orthophoria—which, perhaps, runs parallel with the marked in- 
stability noted by many candidates—and the amount of preliminary 
explanation which the examiner must give is both wearisome and 
more extensive than is required for the rod test. 

The effect of darkness on the red-green test is seen to be a shift 
towards exophoria, which is much more unsatisfactory than its 
effect on the Maddox rod. For, in the former test, the degree of 
the shift is incalculable, while the degree of fusion suppression by 
the rod may readily be inferred from the percentages of the types 
of heterophoria obtained under given conditions. 

The principle of obtaining both images falling on the maculz 
when the eyes are in the fusion-free position is seen to be necessary 
for the adequate revelation of any latent deviation, and for its full 
manifestation. The comparison between series 1 and 2 shows this 
beyond cavil. Moreover, adequate time must be given for the 
appearance of orthophoria to be reasonably constant, to which end 
the method outlined in the description of series 1 may be com- 
mended. 

The present practice of assuming the excess of the reading by 
the Maddox rod test over that by the red-green test to be 1* is 
fallacious. The average excess is about half of this figure, but 
even this only remotely resembles the truth. A much nearer 
approximation is obtained by using a “‘ best-fit’ line, and this 
line must be determined for each given set of conditions. 

It appears, therefore, reasonable to conclude that the red-green 
test is unsatisfactory for the following reasons :— 

(1) Inadequate suppression of the fusion tendency. 

(2) Inconsistency of results. 

(3) Indeterminability of the effect of variations in the ancillary 


conditions of the test. 


4 
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(4) Inconvenience in the practical application of the test. 

(5) Inability to uncover a hyperphoria. 

Of the Maddox rod test, the following conclusions may be 
stated :— 

(1) The suppression of the fusion tendency is good, and is 
increased by darkness. 

(2) The variability of the test is very small. 

(3) Care is essential to various points of detail, but is amply 
repaid in the consistency of the results. 


Envoi 


I wish to express my thanks to the many friends who have helped 
me in this work by translation, by comment, criticism, and advice, 
and by co-operation and encouragement. While distinctions are 
invidious I should be churlishly ungrateful were I not to make 
special mention of Dr. A. Bradford Hill, on whose statistical 
knowledge I have made extensive calls, and of the Librarian and 
his staff at the Royal Society of Medicine, whose readiness to help 
- has surpassed the high hopes born of previous experience of their 
skill. I dare only hope that they, and those unnamed others, may 
at least not be disappointed. 
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SURGICAL CURE OF AN UNUSUAL DETACHMENT 
OF THE RETINA 


BY 
E. C. ZORAB. 


R.A.M.C. 


THE following case is reported here so that the somewhat remark- 
able cure effected by Professor Weve, of Utrecht, should not go 
unrecorded. 
The Rev. G.E.Q., aged 42 years, was seen by Mr. Freeman Heal, 
of Luton, in September, 1939, for routine change of spectacles. He 
was a high myope, but with correction could see 6/9 with the right 
eye. The sight of the left eye had been lost many years before as 
the result of a detached retina. Three weeks later, without any 
trauma, his sight suddenly failed when a large shadow came across 
it from left to right. He went back next day to Mr. Freeman Heal 
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who diagnosed retinal detachment, and sent him up to Moorfields 
Eye Hospital, where he was admitted. His condition then was:— 

Right eye:—No injection. Cornea, iris, and anterior chamber 
normal. Lens clear. Some vitreous haze. Large para-oral retinal 
tear extending from 6 o’clock right round the temporal retina to 
one o'clock. A fringe of torn edge of retina could just be seen 
around the ora serrata, but the main part of the retina was folded 
over on itself towards the nasal side. The only attached part of 
retina to be seen was a thin strip down the nasal periphery. For 
the rest all that could be seen was either choroid or posterior 
surface retina. Vision was only perception of light, with hand 
movements in the extreme temporal periphery. The macula was 
detached and the retina rolled back like a carpet so that its attach- 
ment at the disc edge could just be seen. Tension was normal. 

Left eye:—Phthisis bulbi. Vision=no perception of light. 

With such an extensive tear and detachment the prospect of cure 
was deemed too small to justify advising an operation. The patient, 
however, was anxious to take a chance however small it might be, 
for the alternative was obviously total blindness. A brief description 
of the case was cabled to Professor Weve in Utrecht, who agreed 
to take over the case if he could be sent there. With the 
co-operation of the Foreign Office and Dutch Air Lines all arrange- 
ments were made in two days, and he was flown to Utrecht. He 
was kept in bed there for three days lying on the affected side, and 
was then operated on in the same position by the usual Weve 
technique. The retina was sealed down by this one operation and 
he was back in London again in under six weeks. At that time his 
corrected vision was 5/60. There was marked vitreous haze with 
some floating strands. Good reaction was seen all along the length 
of the tear. The retina everywhere was flat back in place. During 
_ the course of the next two months the vitreous cleared considerably 
' and the vision improved to 6/36 (one letter). He was then allowed 
to go back to his work, for which he could see just enough, but was 
given the usual precautionary instructions. It is now just over a 
year since his operation and Mr. Freeman Heal, who saw him on 
December 20, 1940, reports as follows :— 

Right eye :—Vision with —10°0 D.sph.—3°5 D.cy]. 180° = 6/36. 
J.6 at 13 cms. and J.1 at 10 cms. 

The iris is atrophic in patches. There is a band of posterior 
synechia below, and one or two smaller ones above, so that the 
pupil is heart-shaped when dilated. There is a faint filmy granular 
coating on the anterior lens capsule. The lens is free from cataract. 
The vitreous body is degenerate, but the floating opacities and 
fibrinous skeins are very much less evident than they were a few 
months ago. There is a small myopic crescent, but no marked 
myopic changes. The disc is clear cut and of good colour. The 
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macular region appears normal. At the periphery of the fundus 

extending from “ six o’clock below temporally and superiorly to two 

o'clock ’* above there is a white band of choroidal scarring some 

two D.D. wide situated about two D.D. behind the ora. There is 

considerable pigmentation of this band in the lower temporal 

quadrant, but little elsewhere. Over the remainder of the periphery . 
the fundus appears normal. 

The patient is able to carry on his duties as a priest. A long 
letter he has written shows no evidence of visual inability. 


Summary 


The main features of the case are :— 

1. The large size of the tear; more than half the circumference 
of the retina. 

2. The folding in half of the detached retina so that its posterior 
surface was facing anteriorly. : 

3. The replacement of the retina by ordinary operation, assisted 
perhaps by gravity, but not by retinal hooks or other devices. 

4. The degree of recovery of vision after complete and wide 
separation of the macula for over a week. 

My thanks are due to Mr. Freeman Heal for his examination 
notes, and for his permission to publish this case; to Mr. Shapland, 
under whose care the case was admitted to Moorfields, for permission 
to send the patient to Utrecht ; and lastly to Professor Weve for 
his notes and diagrams of the operation, and for its successful result. 


A NEW DARK ADAPTATION TESTER 


BY 
SIMON YUDKIN 


FROM THE DEPARTMENT OF PATHOLOGY, UNIVERSITY 
COLLEGE HOSPITAL, LONDON 


IN view of the importance of night-blindness in present circum- 
stances it is felt that the following description of an instrument 
which combines many advantages with comparative simplicity may 
be of some use. : 

The dark adaptation tester* as devised by R. T. M. Haines (1) 
and investigated and used by the writer, is an instrument designed 
to test the rate at which the eye recovers its power to distinguish a 
faintly lighted object following a period in which it has been 
subjected to strong illumination, and also to discover the threshold 
of visibility after complete adaptation. 


* Manufactured by Crookes’ Laboratories, London. 
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1 


Fig. 1. 


The instrument consists of the following parts. (See Fig. 1). 

1. Eye tube with light and face piece. The light is an ordinary 
60-watt lamp and gives a brightness of about 700 millilamberts.' 

2. Silhouette arrow plate, the arrows being cut out of the metal 
plate and when illuminated from behind, forming the test object, 
~ which subtends an angle of 6° on the retina. 

3. Fixed “ Polaroid” screen with scale. 

4. Moving “ Polaroid”? screen with finger post. When the 
finger post is opposite a figure on the scale it indicates the percen- 
tage of light transmitted by the two screens. 

5. Light and dark neutral glasses with operating handle; the 
transmission of the two glasses is 4 per cent. and 0°1 per cent. 


(Ratio 40-1). 
6. Reflector. 
7. Diffuser. 


8. Test object illuminating lamp with adjustable aperture. This 
aperture is specially set and should not be altered. The test lamp 
is a 25-watt lamp “aged” for 100 hours. 

9. Three-way switch. 


1. One millilambert corresponds to illumination of 1°076 foot candles. 
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Carrying out the Test 


No preliminary dark adaptation is necessary unless the subject 
has been out in very strong light, e.g., snow or strong sunlight. 
“Bleaching” is carried out for seven minutes, the subject being 
seated at a comfortable height and instructed to keep the eyes 
moving so that the whole retina is “bleached.” Eyes should not 
be closed but blinking is immaterial. 

At the end of seven minutes “bleach ”’ the tube light is extin- 
guished and the test object light is put on. The finger post is in 
the “75” position and the light neutral glass in place. The arrow 
plate is turned from the “ blank” position which it occupied during 
the “bleach” to any of the silhouette arrows. The subject is 
instructed not to fix his gaze where he thinks the arrow will be, but 
to let the eyes wander so that the arrow will appear without any 
straining on his part. As soon as the subject can state definitely — 
in which direction the arrow is pointing, the time is noted, the 
finger post moved down to “50” and another arrow placed into 
position. As soon as the subject can see the fresh arrow the 
process is repeated, always diminishing the illumination. After 
reaching “3” on the light glass the dark glass is put in, the finger ~ 
post put at ‘75’ and the process repeated. This is continued for 
35 minutes, but after 15 minutes it is useful to confirm the subject’s 
statement by showing him two arrows successively at the same 
illumination. The time for the first correct reading is the one 
recorded. 
~A curve connecting time and logy relative illumination is 
constructed. Should this curve lie wholly or mainly above and to 
the right of the standard curve (see Fig. 2), vitamin A deficiency 
should be suspected. 


Notes 


1. A well shaded torch light is needed for the operator. 

2. Should new lamps be required.the one in the “ bleaching ” 
tube can simply be replaced but the test object light should be 
tested on a person with known dark adaptation. _ 

3. The actual illumination of the arrow at each mark on the 
scale varies somewhat from instrument to instrument, but each 
instrument is calibrated so that the curves obtained may be 
compared with the normal curves which have been obtained on a 
photometrically standardized model. 

Discussion 

Hecht and Mandelbaum (10) stated that in designing the perfect 
dark adaptation test the following facts must be given :— 

(a) Duration and brightness of the pre-adapting light. 

(b) Duration, colour, size and retinal location of test object. 

(c) Size of pupil. 
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Each of these factors has been investigated from the point of 
view of its necessity in a clinical instrument and is discussed below. 


The apparatus has the following advantages:—__—- 

1. Both “bleaching ” and “testing” are carried out on the same 
instrument. 

2. The “bleaching’’ tube ensures that the whole retina is 
bleached.” 

3. The test object can be varied so that the subject’s statements 
can be verified. 

4. The “Polaroid” screens allow fine adjustments of the 
illumination. 

In carrying out the test a long and intense ‘‘ bleach”’ is given. 
This ensures that the “ macular” (9) part of the curve (Fig. 2) is 
more marked and also eliminates any effect due to the subject’s 
state of adaptation immediately preceding (2). If, however, the 
subject has undergone abnormal “ bleaching ” (e.g., strong sunlight 
or snow), he should be put for half an hour in a darkish room before 
beginning the “‘ bleach.” 

The test is continued for 35 minutes in the dark. All tests 
which are carried out for short periods (1, 3, 4, 5, 6), test the dark 
adaptation during the “ macular” period only. Although this does 
change with vitamin A deficiency (7, 8) there is very little alteration 
and it is sometimes found that this part of the curve may be within 
the normal range while the latter part is quite abnormal and ends on 
a much higher threshold. 

There is no fixation spot (9, 10); on the contrary the subject is 
told to move his eyes so that he may find the most sensitive part of 
the retina for himself. The spot does increase the accuracy of the 
curves slightly but only at the expense of the comfort of the subject, 
who finds it exhausting to stare at one point for such a long time. 
Even without the spot the normal variation is not large. Towards 
the end of the test, the arrow is often seen for a moment and then 
missed as the eye is moved and a less sensitive part of the retina is 
focused. It is therefore best to use two successive arrows and to 
record the time for the first correct reading. (See instructions). 

The test light is left on throughout the test. The effect of 
having a “ flash” test light of different durations with a fixation 
spot was tried but was found to complicate the test without increa- 
sing the accuracy of the curves to any notable extent. 

The colour of the test light is greenish (9) due to the “ Polaroid” 
screens but it remains the same throughout since the colour of the 
transmitted light only changes when the screens are almost 
completely crossed. 

It was not found necessary to constrict the pupils by physostig- 
mine (11). Superficial ophthalmological examination should be 
carried out in any case. Both eyes are used for the test as the 
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difference between them:is very small or non-existent and the test 


is thereby made more comfortable. Spectacles of strength greater 


than + 3 D. should not be worn for the test. 


_ Voltage. fluctuations on the ordinary supply are of no importance. 
The instruments are. calibrated on a 240-volt circuit. 

The curve is plotted with time in minutes on the horizontal 
co-ordinate and logy brightness on the vertical co-ordinate. The 
brightness is measured in micro-microlamberts (lamberts x 10-12), 
in accordance with most American articles on the subject. (7, 8, 9, 
10, 11, 12). The normal range of dark adaptation as carried out in 
this way is given in Fig. 2.. This curve has been constructed from 
the results of over 150 tests on about 100 ‘normal subjects, the 
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normal being such that no improvement occurs with large doses of 
vitamin A. Abnormal curves can also be brought within the normal 
range by giving the subject large doses of vitamin A. It will be 
noticed that the range is approximately the same as that found by 
Hecht and Mandelbaum (10) and Patek and Haig (12). 


Rapid testing of large groups 

'' Large numbers of people can be rapidly tested as follows +A 
group of subjects (up to 15 in number) is put into a dark room. At 
the end of 30 minutes each one moves in turn to the instrument 
and the “ minimum visible light” is determined. ° Each test takes 
less than one minute and if another group enters the dark room 
about half way through the dark adapting period, a continuous 
stream of subjects can be tested. Although the last of the group 
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may have been in the dark for as much as 45 minutes the “minimum 
visible” does not change after 30 minutes. It is to be noted that each 
subject spends at least 30 minutes in the dark, but the operator can 
test 50-60 people in an hour with sufficient accuracy for large surveys. 

A full report on the use of this instrument with night-blind 
subjects will be published shortly. 


I would like to thank Professor C. R. Harington for the labora- 
tory and other facilities for this work. 


Summary 
A new instrument for measuring dark adaptation is described. 
Its method of use and advantages over other instruments are 


discussed. 
The normal range of dark adaptation is given. 
A rapid method for large surveys is appended. 


REFERENCES 


Haines, R. T. M. (1938).—Trans. Ophthal. Soc. U.K., Vol. LVIII, p. 103. 

THomsoON, A. M. et al. (1939).—Brit. Jl. Ophthal., Vol. XXIII, p. 461. 

Jeans, P. C., BLANCHARD, E. and ZENTMIRE, Z. (1937).—Jl. Amer. Med. 
Assoc., Vol. CVIII, p. 451. 

Harris, L. J. and ABBassy, M. A. (1939).—Lancet, Vol. XII, p. 1299. 

Pett (1939).—J/. Lab. and Clin, Med., Vol. XXV, p. 149. 

DITCHBURN, R. W. (1939).—Nature, Vol. CXLIII, p. 2-5. 

Wacp, G., JEGHERS, H. and ARMINIO, J. (1938).—Amer. Jl. Phystol., Vol. 
CXXIII, p. 732. 

Boouer, L. E., CALLISON, E. C. and HEwisToNn, E. M. (1939).—Jl. Nutrit., 
Vol. XVII, p. 317. 

HEcur, S. (1937).—Physiol. Rev., Vol. XVII, p. 239. 

HEcnur, S. and MANDELBAUM, J. (1939).—J/. Amer. Med. Assoc., Vol. CXII, 
p. 1910. 

FELDMAN, J. B. (1938).—Arch. Ophthal., Vol. XIX, p. 882. 

PATEK, A. J. and Haia, C. (1939).—Jl. Clin. Invest , Vol. XVIII, p. 609. 


wre 


ANNOTATION 


Eyes on the Road 


The heavy toll of life from accidents on the highways of this 
country has long been a grave public scandal and one that becomes 
no lighter despite the reduction of private motor traffic. Recently 
there have been 300 accidents a day from military vehicles alone. 

The examination of men called up for the Army has afforded a 
revelation in the ocular defects of those whose civil occupation is 
that of driving lorries and other vehicles. The worst of these, 
passed by civilian medical boards, have too low a visual standard to 
be accepted by combatant units and so are posted to such corps as 
the Royal Army Service Corps and Royal Army Ordnance Corps 
where their civilian qualifications as lorry drivers are accepted and 
they are allocated to these tasks. Fortunately the necessity for 
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having a pair of glasses to wear under a service respirator brings 
them before an eye surgeon, and many are boarded out of the 
service or detailed for duties other than driving vehicles. Some of 
the grosser ocular disorders among such men are high myopia —16 
to —24 D. with macular degeneration in one or sometimes both 
eyes; retinitis pigmentosa; syphilitic choroido-retinitis; optic 
atrophy ; nystagmus; congenital cataract; corneal nebulae from 
ophthalmia neonatorum with anterior polar cataract, and one-eyed 
men in whom the left eye is sometimes the sole survivor. 

In some cases men with 7 or 8 D. of myopia and vision less than 
6/60 have never worn glasses and have driven lorries. Some 
admitted that they dare not drive at night. 

Such a compulsory eye examination may have a valuable 
prophylatic effect in reducing the number of road accidents in the 
case of men whose services are retained by the Army, the evidence 
being written on their Medical History sheets forbidding them to 
drive vehicles. 

It is, however, possible that the accident rate among the more 
cautious of these defective-sighted drivers may be little worse than 
among the more careless normal-sighted motorists. 

There is here much work for a commission to assess the incidence 
of road accidents due to visual defects and, from such data, to 
elaborate a more comprehensive visual standard than that existing 
at present. The task of initial and possibly periodic examinations 
of the eyes of all motorists is immense and would probably prove to 
be unpractical, but at least some effort should be made to test 
carefully those whose daily occupation is concerned with driving 
large vehicles, a collision with which would mean annihilation to 
smaller machines. | 

A record of the visual acuity with and without glasses, the muscle 
balance, visual fields and any pathological ocular disorder could be 
made in quite a small space on the driving licence, which it would 
be compulsory to carry while motoring. 


ABSTRACTS 
MISCELLANEOUS 


(1) Weve, H. J. M. and Fischer, F. P. (Utrecht).—The origin 
and composition of sub-retinal fluid in ruptural retinal — 
detachment. (Ueber Herkunft und Zusammensetzung der 
subretinalen Flissigkeit bei rupturellen Netzhautablosun- 
gen). Ophthalmologica, Vol. XCIX, p. 291, 1940. 

(1) Weve and Fischer give an exhaustive survey of the nature 

of sub-retinal fluid and an account of an analysis of the fluid in 40 
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cases. They find that the subretinal fluid in fresh cases of retinal 
detachment is identical with the fluid resulting after puncture of the 
vitreous body. If detachment persists this fluid is mixed with 
‘heavy water,’ originally only present in the epithelial pigment 
layer. The transferring of ‘heavy water’ is due to changes in 
permeability or a ‘leakage’ of this layer. Protein may now pass 
into the fluid. These processes decide the fate of the detached 
retina and take place slowly or quickly according to the state of the 


pigment-epithelium or choroidal vessels. 
ARNOLD SORSBY. 


(2) Waardenburg, P. J. (Arnhem).—Gargoylism and its ocular 
symptoms. (Ueber Dysostosis multiplex Hurler un die dabei 
vorkommenden Augensymptome). Ophthalmologica, Vol. 
XCIX, p. 307, 1940. 

(2) Waardenburg describes two new cases of gargoylism, one 
clearly marked, the other rather more doubtful. There was consan- 
guinity of the parents in the first case. The autosomal recessive 
character of the signs of the syndrome is rendered possible by the fact 
that in at least 2 of the 26 cases consanguinity of the normal parents, 
and in the entire material three or four times (and possibly seven 
times), cases have occurred in sibs. The variable congenital general 
opacity in the cornea of both eyes is a pathognomonic symptom. It is 
not amenable to treatment and seldom leads to nystagmus. The slit- 
lamp shows numerous small and large lines and spots in all depths 
of the parenchyma ; the epithelium and the endothelium are usually 
intact. In several cases the pupil is narrow and difficult to dilate. 
Diffuse dispersion of light together with opacity often prevents a 
view of deeper regions of the eye and of the fundus. Children do 

_ not become blind. The anomaly is rare and is sometimes mistaken 
for a special form of glaucoma in infants. The author’s cases, as 
also most of those in the literature, show mental deficiency. 

The author stresses the following features which have not received 
attention in the literature: the conjunctiva is thickened and 
“flabby,” the pupil does not dilate readily, the lens tends to be 
opalescent, the lids are swollen, the orbits are shallow and the 
globes tend to be proptosed, the ears project markedly and their 


lobes tend to be large. 
ARNOLD SORSBY. 


(3) Aten, A. H. (Amsterdam).—Internal ulcer of the cornea. 
Ophthalmologica, Vol. XLIX, p. 350, 1940. 

(3) Aten gives the clinical history of a patient with septicaemia 
who developed an abscess of the iris followed by an internal ulcer 
of the cornea leading to perforation. The lens had become opaque. 
The lesions in the lens and cornea are regarded as secondary to the 
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original affection of the iris. An interesting feature was the fact 
that the necrotic areas in the anterior and posterior third of the 


cornea were of the same dimensions. 
ARNOLD SORSBY. 


BOOK NOTICES 


Transactions of the Ophthalmological Society of the United 
Kingdom. Vol. LX. London: J. and A. Churchill. 1940. 

It says much for the vitality of the Ophthalmological Society 
that it should have been able to issue a volume of transactions in 
the first year of the war. The volume is a small.one of much the 
same size as the first of the series. Besides the communications 
read at.the Annual Congress, it contains those of the North of 
England and Irish Societies. Some of the papers are of more than 
usual interest particularly that on Eye Injuries in Agriculture, by 
Smith, of Cavan; and considering the difficulties of the times, the 
volume as a whole compares favourably with its forerunners. - 

It had been the intention of the Council to issue the customery . 
decennial index for Vols. LI to LX, but unfortunately this was not 
possible and the decennial index, it is hoped, will be published this 
year as a supplement. 


CORRESPONDENCE 


To the Editors of THE BRITISH JOURNAL OF OPHTHALMOLOGY. 


DEAR SiRS.—In reply to Sir James Barrett’s second letter on 
the subject of Mustard Gas and its implications, we have regretfully 
to state that the work to which we referred in our first letter 
consisted merely of preliminary experiments and now the veto of 
censorship renders futile any further prosecution of our line of 
enquiry. 

It may, however, be suggested that the impression left by our 
experiments was that we had been dealing with an effective method 
for the immediate treatment of mustard gas burns of the eye. 


We have the honour to be Sirs, 
Your Obedient Servants, 


JNo. Eyre, 


Guy's HospPITAL, S.E.1 FRANK W. Law. 
April 7, 1941. 2 
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FUTURE ARRANGEMENTS 


NOTES 


North of England AT the Annual General Meeting of the North 
Ophthalmological of England Ophthalmological Society held at 
Society Sheffield on March 29, 1941, the following 
officers were elected :— President, H. Haward Bywater (Liverpool) ; 
Vice-President, C. M. Geddie (Blackburn) ; Members of Council, 
John Foster (Leeds) and A. B. Nutt (Sheffield) ; Treasurer, W. H. 
Kiep (Bradford) ; Secretary, Percival J, Hay (Sheffield). 


* * * * 


Glasgow University, SIX meetings will be held in the Tennent 
guess of | Memorial Institute, 38, Church Street, on 
piepaimorlcsy Wednesday evenings, April 16 to May 21, the 

hour of meeting being 8 p.m. 

The proceedings will be quite informal—an introductory Demon- 
stration or Paper to be followed by tea and discussion. 

The speakers and subjects will be as follows :—April 16, Professor 
A. J. Ballantyne—“* Some questions concerning the retinal vessels 
and retinal haemorrhages”; April 23, Dr. John Marshall—‘* Some 
unsolved problems regarding endophthalmitis ” ; April 30, Professor 
A. Loewenstein—“ The réle of lipoids in ocular pathology ” ; May 7, 
Dr. W. J. B. Riddell—** Medicine, Linkage and Ophthalmology ” ; 
May 14, Dr. A. Garrow—“ Ocular palsies” ; May ai, Dr. j. A 
Conway—“ Eye injuries in the recent air raids.” 

An invitation is extended to Ophthalmic Surgeons and to others 
interested in ophthalmic problems. 


By * * * * 


In Mr. Nigel Cridland’s paper in our last issue 
on p. 141, third line from the bottom of the 
page, “‘ Nothing” should read Nothung. On 
p. 159, line 9, ‘van der Heydt” should read “von der Heydt.” 
On p. 162, line 36, “‘ proporties” should of course be “ properties.” 
On p. 162, last line but two, quotation marks should be added after 
the word “lights.” We regret these errors in proof-reading. 


Corrigendum 


FUTURE ARRANGEMENTS 


1941 
May 1-3, 1941.—Irish Ophthalmological Society, Annual Meeting 
in Dublin. 


